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ABSTRACT

W- compares the structure of the heliospheric

current sheet early in Sunspot Cycle 21 as com-

puted from the observed photospheric magnetic

field with a potential field approximation, and as

inferred from synoptic maps of the observed

coronal polarization brightness. On most of the

solar rotations compared/ the two methods give

essentially the same results; the basic shape of

the warped current sheet and the amplitude (in

solar latitude) of the displacements of the sheet

from the solar equator are similar. On one rota-

tion the current sheet computed with the potential

field approximation appears to be distorted by a

large photospheric region of unbalanced magnetic

flux.

Alternative methods for obtaining the structure of the

heliospheric current sheet in the early portion of Sunspot

Cycle 21 have recently been described in this journal.

Hoeksema et al. (1982) used the line-of-sight observations

of the photospheric magnetic field at the Stanford Solar
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Observatory together with a potential field approximation to

compute the magnetic structure on a spherical source surface

at 2.35 R . Bruno et al. (1982) have determined the shape

of the heliospheric current sheet from a "maximum bright-

ness curve" drawn on synoptic maps of the coronal polariza-

tion brightness measured at the Mauna Loa Observatory. The

details of each of these methods and complete references to

earlier work on this subject can be found in the two papers

just cited. The purpose of this note is to compare the

results obtained from the two rethods.

Figure 1 (adapted from Figure 3 of Hoeksema et al.,

1982) shows the intersections of the current sheet with a

sun-centered sphere as:

(1) computed by Hoeksema et al. (1982) using the poten-

tial field (PF) method (solid lines on the figure), and

(2) inferred from the "maximum brightness curves" (MBC)

by Bruno et al. (1982) for 6 solar rotations (dashed lines

on the figure).

Each succeeding base line (solar equator) is displaced by

450 heliographic latitude. The + and - symbols represent

daily values of the IMF polarity observed at Earth allowing

for an average 5 day transit time of solar wind from Sun to

Earth. These symbols are plotted at the heliographic



-4

latitude of the Earth. When the Earth is north of the

current sheet the I14F polarity is predicted to be away from

the Sun (+), and when the Earth is south of the current

sheet the predicted polarity should be toward tne Sun (-).

The general impression from Figure 1 is that the two

methods lead with very similar shapes and with similar

amplitude displacements from the solar equator. For five of

the six Carrington rotations to which both methods have been

applied, the two methods are about equally successful in

predicting the observed IAF polarity.

The major disagreement in the current sheet geometries

predicted by the two methods occurs on Carrington Rotation

1644. The sheet derived by the PF computation in an inter-

val of longitude centered near 1100 is much farther north

than on either the preceding or following rotations; the IMF

polarity traced back to this longitude range is not con-

sistent with this prediction. In contrast, the current

sheet inferred by the MBC method does not show such a north-

ward bulge and is in better agreement with the observed I4F

polarity. It should be recalled that the PF computation is

based on magnetic observations made near central meridian

passage while the MBC inference is based on coronal observa-

tions made at the solar limb. The two techniques cannot be

expected to agree when the magneti-, field and/or coronal
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structure vary significantly on the time scale separating

the observations. Hoeksema et al. (1982) attributed the

northward bulge in the PF current sheet to an unusually

large photospheric region of unbalanced "towari" polarity

that was observed on Rotation 1644 but not on the preceding

or following rotations. Thus the major disagreement between

the two methods is readily understood.

It is instructive in Figure la to look at the longitude

interval around 2250 on successive rotations. In the first

rotations the Earth is north of the current sheet and the

IAF polarity is away from the Sun as axpected. In Rotation

1645 when the Earth is just north of the current sheet the

IMF polarity is away, while on the following rotation when

the Earth is just south of the current sheet the I4F polar-

ity is towarJ. This situation continues on several follow-

ing rotations. At least during this interval both methods

have led to current sheets whose position in latitude

corresponds well with the observed polarity of the IAF when

the prediction is very sensitive to the precise location and

when the sheet is changing slowly (in contrast to Rotation

1644) with time.

An earlier computation of the PF current sheet by Wil-

cox et al. (1980) that did not inclide added solar polar

magnetic field led to a current sheet whose extent in

_____________________________________________
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latitude was too large, as pointed out by Burlaga et al.

(1981). The influence on the PF current sheet of added

solar polar field is discussed by Hoeksema et al. (1982) and

shown in their Figures 5 and 6.

As the coronal structure becomes more complex near sun-

spot maximum the MBC current sheet cannot be easily deter-

mined. PF current sheets from sunspot minimum in 1976 to

the present time can be computed using a polar field

strength derived by the method of Svalgaard et al. (1978).

We believe that this method will continue to yield valid

predictions of current sheet geometry and will test these

predictions in a future study.
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Figure Caption

Figure l(a/b). The solid lines are the heliospheric

current sheet computed with a potential field approximation

on a source surface at 2.35 R* on nine successive Carrington

Rotations, 1641-1649, beginning on 30 April 1976 to 4

December 1977 (after Hoeksema et al., 1982). The dashed

lines show the heliospheric current sheet as inferred from

observations of coronal polarization brightness by Bruno et

al. (1982). Each succeeding base line (solar equator) is

displaced by 450 heliographic latitude. The + and - symbols

represent daily values of the IMF polarity observed at Earth

allowing for the five day transit time of solar wind from

Sun to Earth. These symbols are plotted at the heliographic

latitude of the Earth. On the solid line significant

disagreements between the predicted and the observed IIF

polarities are indicated with a thicker line.

I. ___
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Structure of the Heliospheric Current Sheet in the Early Portion of Sunspot
Cycle 21

J. TODD HOEKSIIA, JOHN M. Wii cOX. ANt) PHI.IP H. S(HiLRRI-R

Institue fir PIla 'ma rart hI .fttnford 0tii erwl. .lanhrd. ( ali/t;rnai Y- 4105

The structure of the heliospheric current sheet on at spherical source surface ol radius 2 ,'5 R, ha
been computed via the use of" t potential field model during the first \ear and a half after the last
sunspot minimum. The solar polar magnetic held that is not :uils ohercd in conmentional
magnetograph scans \kas irluded in the computation, I'he computed heliotpheric :uricnt sheet had at
quasi-stationary structure consisting of to north'kard and tho southward mamima in latitude per solar
rotation. The extent in latitude slow ly increased fron about 15 near the start of the i nicrsi.l to ahoul
45- near the end The magnetic tield polarit, iawaa\ from the ,un or to%%ard the sun at the suhterretrial
latitude on the source surface agreed %kith the interplanetar, magnetic field polatrit, ohscrs.ed or
inferred at the earth on 92XY ofthe da\s. The inerplanetar\ field structure ohsered at the earth at this
time is finel. tuned to the structure of low-latitude fields on the source surface.

I. IN-RODUCTION We also investigate here the effect of varying the source

Almost daily observations of the large-scale photospheric surface radius, the strength of the polar field correction, and

magnetic field structure were started at the Stanford Solar the latitude on the source surface used to predict the IME

Observatory in May 1976 and have continued to the present polarity seen at Earth.
time. We compute the large-scale structure of the magnetic COMPUTAI1IO% 0 1oit[. SI)UR(I St RI A.t
field in the heliosphere by using Zeeman observations of the
line-of-sight component of the photospheric magnetic field Schatten eI at. [19691 and Al wituder and .Newkirk 1 1969l
along with a potential field model. It is also possible to infer introduced the concept ot" a potential field model with a

the structure of the heliospheric current sheet from the spherical source surface thai surrounded and was concentric

maximum brightness contours in the K coronameter obser- with the sun 1see also Levine atd AItscihider. 1974; Polm't, t'

vations at Mauna Loa Observatory [Burlaga (t al., 1981. and al.. 1975: Altschuuer et al.. 1976: Adata and Pneuinan. 1976:

references thereinl. Svalgaard and Wilcox. 1978 and Riesebicter and Neubau'r.
During the time interval considered here, there was an 19791. Outside the source surface it is assumed that the radial

electriz, current sheet that was warped northward and south- flow of the solar wind carries the magnetic field outward into
ward of the plane of the solar equator [Schutlz. 1973). North the heliosphere. Between the photosphere and the source
of the current sheet, the interplanetary magnetic field IIMFi surface it is assumed that the magnetic field can be described
was directed away from the sun, and south of the current in terms of a potential that satisfies Laplace's equation. For
sheet, the IMF was directed toward the sun. the work described here the inner boundary condition at the

The minimum between sunspot cycles 20 and 21 occurred photosphere is the line-of-sight magnetic field observed at
in June 1976. During the 18 Carrington solar rotations begun the Stanford Solar Observatory. The outer boundary condi-
in May 1976. the computed current sheet was quasi-station- tion is that the field is normal to the source surface.
ary. having in each solar rotation two northward and two consistent with the assumption that it is then carried outward
southward extensions. This usually produced the character- by the solar wind. The assumption in the source surface

istic four-sector structure in the interplanetary magnetic field calculation that there are no currents would not be very good
observed at the earth iSvalgaard and Wilcox. 19751. Occa- for the strong localized fields of an active region, but for the
sionally during a rotation, one. or even both, of the north- large-scale. quasi-stationary fields that dominate the present
ward extensions of the current sheet 'missed' the earth, analysis the source surface gives a reasonably good predic-
resulting in a two-sector, or even a *zero* sector structure tion of the polarity of the interplanetary magnetic field
being observed at the earth. Around sunspot minimum the observed at the earth.

maximum extent in latitude of the computed current sheet A nonspherical source surface computation [Schulz el af..

was about 15'. while by the end of the 18 solar rotations 1978; Levine et af., 19821 should give an improved prediction
discussed here the maximum latitude had increased to about of the coronal structure and of the IMF observed at the
45°.Just after the time interval discussed here the maximum earth, but as we shall see, the spherical source surface
latitude of the current sheet increased further and the quasi- already does quite well at predicting the IMF polarity. The

stationary structure of the current sheet began to change, so amount of improvement obtained from a nonspherical
that September 1977 seems a natural point to end the present source surface using our observations will he investigated in

investigation. The structure of the computed heliospheric a later paper. The magnitude of the interplanetary magnetic
current sheet in later portions of sunspot cycle 21 will be field may be better computed with nonspherical source
discussed in future papers. surface.

In most previous work the magnetic field on the source
Copyright 1982 by the American Geophysical Union. surface has been computed only once for each Carrington

Paper number 2A1398. rotation, i.e., in steps of 360' longitude. This forces the
0148-0227/82/OO2A-13985050.0 beginning (360 °) and the end (0") of the rotation to have the

10.331
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SOLAR SOURCE SURPACE November 7. 1976. is showA n in Figure 1. [he current sheet i,,
0± ,lO , represented b) the zero contour shown as a thick solid line

near the equator. The solid contours above it represent field
directed awa, from the sun of magnitude,, 1. 5. and I) uoT.
while the dashed contour,, represent field directed tos:rrd
the sun with the same contour levels. The predominance ol

E ,'R . .- a\&a% polarit magnetic field in most o the northern region
o the helhosphere and of towxard field in most of the southern
heliosphere is apparent in Fiutre I .
The - a'a., from the suin) and - (towlard the sun)

symbol,, in Figure I represent daily polarities of the tiler-
S8C - 36C planelar magnetic field at the earth, as obser),ed b\ space-

ROTATION 164a8l Kia mit. 1979al or'. when spacecrafl oIbserl s ,llon, %, ,Ci
lFig. I (oniputed magnetic field ,rontours on a spherical sourec

surtaCe Concentric with the sui at a radius f 2.35 R, loFr (arrington not as a IolI, as interred fron polar georetic ibse . i -
rolation 1648. beginning Nosemher 7, )7h. The solid :ontout line, t litns [.Sralg' rd. 19'.31, he IMF polaritics at the earth tht
represent tietd directed aay frot the sun with obsersed held are plotted in iglre I have been displacd bh\ d,i\ .
strengths I, 5. and tW M.p the dashed contour, represent field corresponding to the average transit time of sola "\ md fror
directed toward the sun. The ohserved field strengths should he the sun to the earth near the times when the large-scale
multiplied hy a factor of 1.8 to account fir magnetogaph sattkration

1.i lvaard vt u.. 19781. The heasier line near the solar eqiator is magnetic polarit\ change, isector houndarics). The a\ercage
where the direction of the computed field changes from a a\ to magnitude of this transit time during the solar rotations
toward and is assumed to be the source of the heliospheric current studied here has been determined b\ at cross-correlation
sheer. The - and svmbol, represent dailN values of the polarity of analysis. which will be descrihed later. We note that near the
the interplanetary magnetic field ohserved at the earth, adjusted for

the 5-day transit time of solar wind front the sun to the earth. sector boundarie, the vehocits of the solar ss nd is almost
always near a minimum I tk ii ox uund , .196S . st that this

same structure, even though they are separated in time by 27 transit time is longer than the aserage solar wind transit
days. To avoid this difficulty we have computed the field on time.
the source surface in steps of 10' in the starting longitude and Figure 2. in the same format as Figure I. shows the field
retained only the central interval of width 30 in longitude computed at the source surface for 'arrington rotation 1656.
from each such computation. As the last step a 1:2:1 beginning June 13. 1977. The extent in latitude of the
averaging of the three calculations for each longitude strip is computed current sheet had increased to about 40 . hut the
applied to slightly smooth the structure. In the (rare) case of same property of two northward and two southward excur-
data gaps we interpolate between the previous and the sions in the current sheet (a four-sector structure) \as still
subsequent rotation. evident.

Stenflo [19711. Howard 119771. Sralgaard et al.. 119781. Figure 3(a. b) shows the computed current sheets and IMF
Pneuman et al. [19781. and Burlagoa e al. 119811 have polarities observed at the earth during the 18 solar rotations
pointed out that conventional solar magnetograph observa- considered in the present work. In every rotation except
tions do not adequately represent the solar polar magnetic number 1644 there were two northern and two southern
field strength. Wil.ox er af. ( 19801 computed the heliospheric extensions of the current sheet, corresponding to a basic
current sheet configuration early in 1976. using solar magne- four-sector structure. In rotation 1645 the computed current
tograph observations from Mt. Wilson Observatory that sheet was everywhere southward of the heliographic latitude
were not corrected for the solar polar magnetic field unob- of the earth, and the IMF polarity observed at the earth was
served in daily solar magnetograms. As i retilt the comput- almost entirely away from the sun. Presumably,. this is an
ed extent in latitude of the heliospheric current sheet was example of the situation discussed by Wilo.t 119721 in which
probably too large. as waas pointed out h\ Burliio eI nI near the last five Inow six) sunspot minima the observed or
119811. inferred IMF polarity has been largely awkas from the sun

In the present computation of the heliospheric current during a few consecutive rotations. If the current sheet
sheet we use the magnetic field observed at i resolution of 3 "misses" the earth near the time of a sunspot minimum, the
arc min in daily scans with the solar magnelograph al the StAP SOURE SURFACE

Stanford Solar Observator, plus mie solar polar field , fto5 0,T 3 JuN, '97
strength determined by Svalgaard et al. for the same solar 90NI

rotations analyzed in the present paper. In the interval
analyzed by Svalgaard el al. the magnitude of the solar polar 4

field did not change appreciably. We note that near the
minimum of the sunspot cycle the solar polar fields will have ET
the maximum influence. As the sunspot cycle progresses
after minimum the strength of the solar polar field decreases.
while the strength of the low-latitude fields increases. Near - - --------
sunspot maximum, when the polarity of the solar polar fields
is changing, most of the heliosphere may be dominated by 0SL
the lower-latitude magnetic fields. 0AI 30

THE COMPUTED HELIOSPHERIC CURRENT SHEET Fig. 2, The same format as Figure I but for a later Carrngton
rotation. 1656, beginning June 13. 1977. Note that the latitudinal

The radial magnetic field computed on a spherical source extent of the computed heliosphenc current sheet extends to higher
surface at 2.35 Rs for Carrington rotation 1648. beginning latitudes than in Figure I.
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HELIOSPHERIC CURRENT SHEETS HELIOSPHERIC CURRENT SHEETS

1976 -57
1641 Apr 30 1650 Jan

162May 27 165? 1 Ja 28

1643 Jun 24 1652 . Feb t4

1644 . -----.-.-.-.-.-.-.-..... Jul 21 1653 ---- -- _-Mar 23

1645 "-- Aug 17 1654 --------- Apr 19

1646 ' Sep13 1655 . May17

t647 . . . 0... Oct 11 1656 . ...... Jun13

1648 - Nov7 1657 - - Jul 10

'649 . ... ...... Dec4 1658 - Aug 7

o90 I8 270 360 0 90 180 270 360

CARRINGTON LONGITUDE CARRINGTON LONGITUDE

Pig. (u) The heliospheric current sheet computed on a source surface at 2.35 R., on nine successiVe Camngton
rotations. I641-1649. beginning on April 30, 1976. to December 4. 1977. Compare for example the current sheet shown
here for Carington rotation 1,48 with that shown in Figure I. Each succeeding baseline (solar equator) is displaced by
45 heliographic latitude. The + and - symbols represent daily values of the IMF polarity observed at the earth.
allowing for the 5-day transit time of solar wind from the sun to the earth. Significant disagreements between the
predicted and observed IMF polarities are indicated with a thicker neutral line. (The first rtation is near sunspot
minimum.) (h) The same as Figure la but for the next nine Carrington rotations. 1 0-165h. beginning January I. 1977.
to August 7. 1977. Note that the extent in latitude of the computed current sheet increases in the later rotations.

resulting predominant polarity of the IMF could be either Figure 3a, a solar dipole magnetic axis tilted about 20' to 15'
away from or toward the sun. according to the consider- with respect to the solar rotation axis cannot explain the
ations discussed in this paper. A predominance in away sector pattern observed by Helios. The sector patterns
polarity in the observed photospheric field, also discussed shown in Figure 3a and b during 1.5 years after the rotations
by Wilcox (19721, would not necessarily be directly related to discussed by Burlaga et al. also cannot be explained with a
the situation shown here in rotation 1645. tilted dipole, as was proposed by Smith and Tsurutani

Hundhausen [1977] noted that a "monopolar' sector struc- [1978], Villante et al. 11979], Smith and Wolfe [19791. Zhao
ture. as seen in rotation 1645 of Figure 3a. might appear at and Hundhausen [19811, and Hakamada and Akasotfi
the beginning of a new solar cycle. However, the suggestions 119811.
that at this time the prominent recurrent sectors, streams On most of the rotations during 1976. shown in Figure 3a,
and geomagnetic activity sequences should end abruptly' the current sheet extended more into the southern helios-
and the *recurrence with the 27-day solar rotation period phere (the case of rotation 1644 is discussed below). consis-
should become rare' are not consistent with the computed tent with the results of Wilcox el al. [1980]. Burlaka et al.
current sheets in Figure 3(a, h). 11981], and Villantc et al. 11982). The conjecture of Villanie

In rotation 1658 the computed current sheet had a clear et al. [19821 that the current sheet during the first half of 1977
'four-sector' structure. but was sufficiently far south of the was confined in a narrower latitude region is not consistent
heliographic latitude of the earth that only a two-sector with the current sheets shown in Figure 3b.
structure was observed here. This appears to be the same In Figure 3a and h. intervals of significant disagreement
geometry but the opposite sense from the situation in early between the IMF polarity predicted by the computed current
1976 described by Scherrer el al. 119771. sheet and that actually observed are indicated by a bar

From the start of Figure 3a. near the minimum of the I I- attached to the current sheet. We note that for the most part
year sunspot cycle, to the end of Figure 3b. 1.5 years later, the daily polarity of the IMF observed at the earth is quite
the maximum extent in latitude of the computed current well predicted by the computed current sheet, in fact there is
sheet increased from about 150 to about 450. This increase is agreement on 82% of the days.
qualitatively similar to but larger than the average variation A conspicuous disagreement is associated with the rapid
computed by Stalgaard and Wilcox 11976 through the change in the computed current sheet from one rotation to
previous four sunspot cycles, the next at rotation 1644. This change in the computed
Burlaga et al. 119811 noted that for Carrington rotations current sheet was caused by the appearance of a particularly

1639 and 1640, just before the start of the interval shown in large bipolar magnetic region in the photosphere. Figure 4a.
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b. and c shows synoptic charts of the observed photospheric VARIATION OF CURRENT SHEET WITH POLAR FIELD STRENGTH

magnetic field for rotations 1643, I64. and 1645. A large NO POLAR FIELD
-- 5G POLAR FELDbipolar magnetic region appeared in rotation 1644 at longi- -115G POLAR FIELD- - -17 3G POLAR FIELD 13 JUN 1977

tude 1200 with predominantly toward polarity field. The 9ONL DJ

corresponding IMF polarity observed at the earth was away7
on several days, dunng which the computed current sheet
would lead to a prediction of toward. It seems possible that
there may have been a region of toward magnetic field ----
polarity in the heliosphere corresponding to this bipolar EOTR- -- - -- - -- -
magnetic region but at a latitude sufficiently far north as not
to intersect the earth. A similar event occurred near 140'
longitude in the southern hemisphere in Carrington rotation -
1651.

The rather rapid change in the computed current sheet 90 .
near longitude zero from rotations 1652 to 1653 was also 0 I8O 360

caused by the appearance of a large bipolar magnetic region ROTATION 1656

Fig. 6. Computed heliospheric current sheets on Carringtonin the photosphere, but in this case the region remained in rotation 1656, beginning June 13. 1977. for several values of addedthe photosphere for several rotations, and the corresponding solar polar magnetic field. As the strength of the polar field is
effects on the computed current sheet also continued for increased, the computed current sheet approaches the plane of the
several rotations. solar equator.

In many of the rotations shown in Figure 3a and b the
latitude of the current sheet at the end of the rotation is
significantly different from the latitude at the start of the INFLUENCE OF THE SOLAR POLAR FIELD STRENGTH AND

rotation. This illustrates the advantage gained from comput- THE RADIUS OF THE SOURCE SURFACE

ing the field structure on the source surface at steps of 100 in The source surface current sheet was computed in the
the starting longitude, since if only one computation were above discussions by using the solar polar field strength of
made for each rotation the latitude of the current sheet at the the form 11.5 cos8 0 G. derived by Svalgaard el al. [19781,
start and the end of the rotation would be forced to be the where 0 is the colatitude. We will now investigate the effect
same. of changing the magnitude of the derived solar polar field and

of changing the radius of the source surface. For this
purpose we will compute a cross correlation between the
IMF polarity predicted from the computed current sheet and

MAXIMUM CORRELATION vS SOURCE SURFACE RADIUS that actually observed or inferred at the earth.
In order to determine the predicted IMF polarity a line is

I I Idrawn on the source surface at the heliographic latitude of
0650- - - -NO POLAR FIELD

-- 5.G POLAR FIELD the earth, i.e., varying from 7'N to 70S through the year.
. 11.5G POLAR FIELD

-17.3 G POLAR FIELD This line is divided into daily increments, and on a given day,
0625- if the current sheet is southward of the line, the predicted

/' " polarity is away, and if the current sheet is northward of the
J/n line, the predicted polarity is toward the sun. At least 5/8 of a

0 600 / * _ day must have the same polarity in order for a polarity to be
o0/ assigned. The solid curve in Figure 5 shows the maximum
2 / 57 cross correlation between the predicted IMF polarity de-

_7 / scribed above and the polarity observed at the earth as a
o" function of the radius of the source surface on which the

T". ' current sheet is computed, using the polar field strength055 ' computed by Svalgaard et al. The largest correlation occurs
7s for a source surface of radius 2.35 Rs, and this radius has

0525- / therefore been chosen for most of the discussion in this
'o paper. For comparison. Figure 5 also shows similar maxi-

1mum cross correlations for source surfaces computed with
0500 no polar field added and for 5.8 G and 17.3 G added polar

I field. We note that the solar polar field of 11.5 G, computed
0475 -60 by Svalgaard et al., does give the best agreement, although

.60 .85 2410 2.35 2.60 2.85 '3.10 the differences are not large.
SOURCE SURFACE RADIUS Figure 6 shows computed current sheets on a typical

Fig. 5. Maximum correlation between the IMF polarity predict- Carrington rotation (i.e.. rotation 1656) for the four values of
ed from the computed heliospheric current sheet and the IMF added solar polar magnetic field. The current sheet for the
polarity observed at the earth as a function of the source surface selected value of 11.5 G is shown with a solid line. The
radius on which the current sheet was computed. Source surfaces
were computed with an added solar polar field strength of 11.5 G. as current sheet shown with short dashes was computed with
computed by Svalgaard et al. 119781, and for other values of the no added solar polar field, and it has the largest extent in
added solar polar field as shown. latitude in Figure 6. The dash-dot line is a current sheet

4t
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VARIATION OF CURRENT SHEET WI iTh SOURCE SURFACE RADIUS CORRELATION OF PREDICTED AND OBSERVED IMF POLARITY
• R°  I 0

-2 35R.
--- 26R.

IP. 13 JUN 197"sosf' "] '-0 - 'I

7 .Z

505 ' o'- ' -- '

180 360 0 20 40 60 80 100
ROTATION 1656 LAG IN DAYS

Fig. 7. Computed current sheets for Carrington rotation 1656. Fig. 9. Cross correlation between the IMF polarity predicted
beginning June 13. 1977. for source surfaces at several different from the adopted computation of the heliospheric current sheet and
radii, as indicated. As the radius of the source surface is increased, the polarity observed at the earth. The lag of the first peak is 5 days.
the computed current sheet approaches the solar equator. which represents the transit time from the sun to the earth of the

solar wind near the sector boundaries.
cumputed with 17.3 G added solar polar field ti.e.. 11 times
the preferred value), and it has the smallest extent in these operated, the solar polar field correction would be
heliographic latitude reduced. A difference in solar magnetograph calibrations

Pneuman et al. 19781 computed the held on a source between Kitt Peak and Stanford may have contributed to the
surface at 2.5 Rs during the Skylab period in 1971 and found
that their computed neutral lines were systematically pole- have been different in 1973 and 1976.
ward of the brightness maxima observed at 1.8 R.s with the K h bn different in a973ad 1976.coroameer t MunaLoa Haaii.if he iels aove70 ° King {19796! reports an average value of about 0.72 for the
coronameter at Mauna Loa. Hawaii. If the fields above 70' logarithm of the hourly averaged IMF intensities observedlatitude measured with the full-disk magnetograph at Kilt lgrtmo h oryaeagd|Finiisosre

latiudemeaure wih te fll-dsk agntogaphat ittnear the earth in 1976 and 1977. This corresponds to a radialPeak National Observatory were increased to about 30 G.
this effect was removed. This is a much larger correction for component of IMF at the earth of 3.7 nT. A scaling with the

the solar polar field than we have used, The reason for the square of the radius gives field values of 30 aT at 2.35 R., and

difference from our work is not clear. Pneuman et al. of 170 ALT at the photosphere. Our Figures 1. 2. and 4 shos
suggested other possible causes for their systematic pole- the observed field magnitudes, which must be multiplied by

ward displacement of the neutral line: to the extent that 1.8 because ofmagnetograph saturation effects [Svolgaard (,
al.. 19781. After this correction an average value of about 3
piT is found for the field in the equatorial regions of the

CORRELATION Is LATITUDE OFFSET source surface at 2.35 R.s. which is an order of magnitude
0 - - T.. T _ T7 smaller than the value scaled from the IMF observed at the

Earth.
For comparison with the observed photospheric field

Zshown in Figure 4 the above value of 170 MiT that was scaled
O/ from the IMF observed at the earth should be divided by the
L./ magnetograph saturation correction of 1.8. giving about 94

oeo -/ uT. The lowest contour level in Figures 4 is 100 )AT, and it isI clear that most of the measured photospheric field shown in
0 / XFigure 4 is less than 100 IAT. Thus this field. which was the

* inner boundary condition for the source surface field compu-
tation, was usually smaller than the value obtained by

0 scaling from the earth. The difficult problem of magneto-
U graph calibration and the comparably large observing aper-

ture used at Stanford may account for part of the difference.
A further discussion is beyond the scope of the present
paper.

The use of a spherical source surface probably causes part

0O4L I I I I of the difference. Using a nonspherical source surface might
t0 -5 0 5 .10 increase the field strength in equatorial regions.

LATITUDE OFFSET FROM SUBTERRESTRiAL POINT All the computed current sheets in Figure 6 cross the solar
Fig. g. The maximum cross correlation between the IMF polari- equator at the same longitudes, and the cross correlations

ty predicted from a computed current sheet on a source surface at shown in Figure 5 are nearly the same for all the values of
2.35 R% with 11.5 G added polar field and the IMF observed at the
earth. as a function of the latitude on the source surface at which the added solar polar magnetic held. Near 340' longitude the
field polarity was predicted. In the abscissa. zero represents the maximum latitude of the current sheet decreases from 58' for
heliographic latitude of the earth. no added solar polar field to 37* for 17.3 G added field. All of
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the computed current sheets in Figure 6 agree almost equally OBSERVED IMF POLARITY

well with the IMF polarity observed at the earth. K AWAY

The computed current sheet in Carrington rotation 1656 O ARD BATELSROTATION

for several values of the radius of a spherical source surface AH , 30[]! JOf 00 [ ,LO ,
is shown in Figure 7. As the radius of the source surface is .. A I E I WHOiUD UElOOD
increased the latitudinal extent of the computed current I Eli IEli][] DDJl DDiiO iO
sheet decreases, since the relative weight of the dipole - DIOhi1[]0[]LOfO]000DOiflKI0i0OD i5
component of the solar magnetic field increases. All of the .. N, 7 J111DO0D i-][i it JO!D110000D OED0WIIl00
computed current sheets in this rotation agree almost equally " , JO!DDD ] iO! OO l!O0|Dt DDO
well with the observed IMF polarity. 1 O EOMODOODOODEINIU OODD

I hus a comparison of the IMF polaritx predicted from a D" Uh f lOhnIO lO HHHOfOU
computed current sheet with the IMF polarit, obsered at o E2 I'96
the earth i, a weak test of the latitudinal extent of the -F- 29 EUIi1D D1IIUIN DOi0
computed current sheet. A spacecraft obseriing at large - Zolll lllIlllllll IllIN
heliographic latitudes %ould give the definittxe answer to the PEEI - IUUEEUNHOOIOlJUI DE
problem of the latitudinal extent of the heliographic current V UUIEIUOIUU 100111 UUUEII
sheet. 4 PR uMMii ti Olllj l OODiN§OOLI N '965

MAY l ll 0I-10F100itN [IDOD
FurTHER ComParIson ot PRlEt~at EL) AND Oust RVFt) uN olh1i00000hDDD000lfl0ODO

IMF PoItRII JUL ot IUIUUWOD DIUU DMI DDDU
In the discussion so far the IMF polarity observed at the AUG 0oD1mmuuu iniID OOo D EDDn o DO i

earth has been compared with the source surface field Au)G 29W[l Ill 000d8iO®louflMIlnn0 197C)

polarity at the heliographic latitude of the earth. What Fig. 11. Same format as Figure It) hut for the IMF polarity
happens if, instead, we compare the observed IMF polarity observed at the earth.
at the earth with the polarity on the source surface 5° north
of the subterrestrial latitude'? Figure 8 shows that the maxi- to 2.35 R.% and added solar polar field of 11.5 G. Figure 9
mum cross correlation decreases from 0.64 to 0.54. We see shows a cross correlation between the predicted field polari-
in Figure 8 that the subterrestrial latitude on the source ty at the subterrestrial point on the source surface and the
surface has the most similar magnetic polarity structure to IMF polarity observed at the Earth. The first peak at 5.0 -
that observed at the Earth and that even a few degrees north 0.3 days represents the transit time for the solar wind plasma
or south of the subterrestrial latitude the correlation with the to transport the magnetic field from the sun to the earth. The
observed field is smaller. 5-day lag corresponds to a solar wind velocity of 350 km/s.

For the adopted conditions of source surface radius equal This represents the average solar wind velocity at sector
boundary crossings, which are usually near minima in solar

PREDICTED IMF POLARITY wind velocity [WilcoX and Ness. 1%51. The relatively slow
o AWAY decline in amplitude of the peaks near 32 days. 59 days. and
* TOWA - BARrELS 86 days shows that the large-scale IMF structure is quasi-

1976 POTAT ON

0I0lN.§Mol 1952 stationary. The intermediate peaks are caused by the four-
MAY 22 IDDD00000000U lOO D sector nature of the IMF structure at this time. The differ-
JUN 78 ouumOmoOOOOu0uuuu O ence in time between the peak at 32 days and at 5 days shows
JUL 1500h OOOOOOOOOOOOh hhh ,955 that the recurrence time of the IMF is close to 27 days.
AUG 11 lE OOOOOOOflOOOOODOD Our final comparison of the structure predicted from the
SEP 07 000000000000000U00moo 0o] source surface and observed at the Earth is shown in Figures
OCT O0000000Q000000U mDD00 00 10 and II. These figures are now in a Bartels rotation plot, as
OCT 31 O0OU000OOOOOO 0llm0ooooOOOl is customary for geomagnetic observations. Comparison of
NOV 27 UII 0011-011111OOO-0l-l ,960 the figures shows that the large-scale structure is quite well
DEC 24 EEUI OOO U0 U0000 predicted, and most of the disagreements come near sector
JAN 201 E00 000011ml000 100 boundary crossings or on occasional rotations. A portion of
FEB 16 IO0D000IIIUI 0EUOO the disagreement near boundary crossings is caused by our
MAR 15 E O00000Ull use of a constant 5-day solar wind transit time from the sun
APR 1 UE O00000 O U ,965 to the earth, while in fact there are some variations among
JAN~ oum.ia oo000000l i ooo the actual transit times. On the I-day scale used in plotting
JUN 04 mumuuu lO[oa0oo o1o00o0 - Figures 10 and II these variations in transit time would not
JUL 29 MU U ooooooo oaD oOO be a large effect.J U

L 
28 0[[][]]O0 0!IF--

AUG 24 oo0m oo000000o o000o 1970 SUMMARY

Fig. 10. The IMF polarity computed at the source surface by
the model is presented in the Bartels chart format. Each row has 27 The heliospheric current sheet configuration has been
boxes, with the polarity for each day indicated in a box. A filled box computed on a source surface at 2.35 Rs during an interval of
indicates toward polarity; a hatched box indicates indeterminate 1.5 years after the last sunspot minimum. The magnetic field
polarity; an empty box indicates away polarity. The plot is displaced
by 5 days to account for the solar wind transit time from the sun to observed on almost daily scans with the solar magnetograph
the earth. This format emphasizes the 27-day recurrence pattern in at the Stanford Solar Observatory has been corrected for the
the polarity and the large-scale structure over many rotations, solar polar fields that are not fully observed. This correction



lOESE. 33 Iii.s1 Mi - S I R I (tt I U i o Ht I SPHfIEIt CLRRI % SHI II
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